Background: One of the characteristics of chronic obstructive pulmonary disease (COPD) is the tendency to develop acute exacerbation, defined by the presence of different clinical findings as worsening dyspnea, increase in sputum purulence and volume. This study was designed to verify if definition of acute COPD exacerbation is applicable to patients who underwent pulmonary surgery, and if it has any impact on postoperative morbidity and mortality. Methods: This study was designed to prospectively enrol 1000 patients undergoing pulmonary resection for lung cancer from five different centres. Postoperative exacerbation of COPD was defined by the concomitant presence of three of the following five signs: deteriorating dyspnea, purulent sputum, bronchial secretion volume >10 ml/24 h, fever without apparent cause, and wheezing. The presence of concomitant pulmonary complications excluded the diagnosis of exacerbation, as they may present one or more of these signs. Results: In the absence of respiratory complications, postoperative stay in exacerbated patients was significantly longer as compared to patients without exacerbation (6.3 AE 1.3 vs 8.3 AE 1.1, p = 0.001). A postoperative exacerbation of COPD was recorded in 276 patients and 152 of them (55%) subsequently developed respiratory complications. Multivariate analysis established that risk factors for postoperative exacerbation are sex (female OR 0.54, CI 0.2-0.8), COPD class (OR 1.5, CI 1.1-8.1), and the postoperative prolonged use of antibiotics (OR 0.6, CI 0.2-0.9). Conclusions: Postoperative exacerbation of COPD is an existing, frequent clinical entity after lung resection and, when present, it increases the risk of pulmonary complications. The existing guidelines for the treatment of acute exacerbation should be adapted for the management of patients after lung resection in order to test the hypothesis that they could reduce respiratory morbidity. #
Introduction
Surgery remains the mainstay of treatment for lung cancer, which is a frequent cause of death among patients with chronic obstructive pulmonary disease (COPD) [1, 2] . When COPD patients undergo lung surgery for lung cancer, their risk of developing respiratory complications is increased [3] , as compared to patients with a normal respiratory function.
One of the characteristics of COPD is the tendency to develop acute exacerbation [4] , defined by the presence of different clinical findings such as worsening dyspnea and the increase in sputum purulence and volume [5] .
Soon after lung resection, many COPD patients develop symptoms that match the definition of COPD exacerbation. Even if these symptoms do not represent per se a postoperative complication, they could cause the need for more intensive assistance, may require specific treatments and could prolong hospital stay in some instances. As the entity of postoperative exacerbation of COPD does not exist, this study was designed to verify if the definition of COPD exacerbation is applicable to patients who undergo pulmonary surgery, and if it has any impact on postoperative morbidity and mortality.
Materials and methods
The hypothesis of this study was that (1) a certain proportion of COPD patients develop symptoms of COPD exacerbation after thoracotomy, (2) in such a case there is an impact on postoperative outcome.
Given an overall expected 2% increase in postoperative mortality in patients developing exacerbation, this study was designed to prospectively enrol 1000 patients undergoing pulmonary resection for lung cancer from different thoracic surgery centres.
Definitions

COPD
COPD was defined according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines as the ratio FEV1/FVC < 70% and a post-bronchodilator FEV1 < 80% [6] . Four categories were defined: mild COPD (FEV1/FVC < 70% and FEV1 ! 80%), moderate COPD stage IIa (FEV1/FVC < 70% and not < 50% FEV1 < 80%) and IIb (FEV1/FVC < 50% and 30% FEV1 < 50%), severe COPD (FEV1/FVC < 70% and FEV1 < 30%).
COPD exacerbation
According to Anthonisen criteria, COPD exacerbation is defined by the presence of three main clinical findings (worsening of dyspnea, increase in sputum volume and increase in sputum purulence) and five other clinical criteria (upper respiratory infection in the preceding 5 days, fever without apparent cause, increased wheezing, increased cough, increase in respiratory rate or heart rate by 20% above the baseline) [5] .
In order to apply these criteria to patients during the postoperative period, a multifactorial scoring system, the FLAM score [7, 8] has been used to monitor, on a daily basis, seven clinical variables after lung resection (chest X-ray, oxygen need, dyspnea, quantity and quality of bronchial secretion, cough and chest auscultation). The score is briefly summarised in Table 1. Postoperative exacerbation of COPD was defined by the concomitant presence of three of the following five signs: deteriorating dyspnea, purulent sputum, bronchial secretion volume >10 ml/24 h, fever without apparent cause, and wheezing. The presence of concomitant pulmonary complications excluded the diagnosis of exacerbation, as they may present one or more of these signs.
Other clinical signs mentioned in the Anthonisen definition were not useful in the postoperative setting. The increase in respiratory or heart rate by 20% above the baseline was not considered a parameter, as it is a frequent occurrence in the postoperative period, often due to pain or to preatrial fibrillation status. Upper respiratory infection in the preceding 5 days was not considered, as this would necessarily postpone elective surgery.
Population
The study population was composed of patients undergoing pulmonary resection for lung cancer in five different centres in France and Italy. After informed consent, all information on respiratory symptoms was collected. Patients with large volume (>10 ml/24 h) purulent secretions were excluded from the study and surgery was postponed until after antibiotic treatment. All patients had preoperative spirometry in accordance with ATS guidelines [9] . FVC (expressed in litres), FEV1 (l/s), total lung capacity (TLC, in litre) were expressed both as absolute values and as percentages of predicted values calculated for every patient on the basis of age, gender and height. TLC was assessed by the The FLAM score for any given day was the sum of all seven parameters. The maximal possible score for patients without intubation was 43. Intubated patients were scored at 45 by definition.
helium dilution method. DLCO assessment (mmol/min/kPa), when performed, was determined by the single-breath technique utilising the Gaensler and Wright method [9] . The main differences in patient care between centres are listed in Table 2 . French patients were referred to surgeons by their pneumologists and consequently COPD patients were on optimal treatment at the time of surgical advice. Management of COPD patients in Italy differed between centres. In one case (Turin), patients' respiratory preparation was managed by a pneumology department over a period of 3-4 weeks when needed. In the other two centres (EIO and NCI, Milan), the surgeon decided which patients needed a specific preoperative respiratory treatment.
Postoperative management
After short-term antibiotic prophylaxis, no routine antibiotic treatment was continued after thoracotomy in all centres but two, in which a 5-day antibiotic treatment with amoxicillin/clavulanate was routinely used. After surgery, the first chest drain was usually removed on POD 3, and the second on POD 4-5 if possible (fluid <200 cc/24 h, no air leak). Patients had two 15-min sessions of chest physiotherapy, daily for the first 7 postoperative days. All patients had daily FLAM score assessment for the first 7 postoperative days. The first evaluation of the FLAM score was performed during the ward round by the surgeon and was subject to modification during the day when further evaluations were obtained. When different scores were obtained for the same variable during the day, the maximum-recorded score was considered.
Postoperative complications
Postoperative death was defined as any death occurring during postoperative hospital stay or during the first month after surgery.
Respiratory complications were classified as follows: (1) acute respiratory failure, defined as postoperative ventilator dependence >12 h or reintubation for controlled ventilation; (2) ARDS, defined as respiratory failure with acute onset, PaO 2 /fraction of inspired O 2 <200 mmHg and infiltrates seen on chest X-ray, pulmonary wedge pressure <20 [10] ; (3) ALI, defined with the same criteria as ARDS but with PaO 2 / fraction of inspired oxygen <300 mmHg; (4) pneumonia, defined by the presence of at least three of the following criteria: persistent lung infiltrate on chest X-ray, fever >388, white cell blood count >10,000/mm 3 or <3000/mm 3 , purulent secretions, documented presence of micro-organisms on sputum or bronchoaspirate; (5) sputum retention, defined as lobar or whole-lung atelectasis requiring bronchoscopy; (6) pulmonary embolism documented by lung ventilation/perfusion scintigraphy or angioscan; (7) pulmonary edema, defined as a transient respiratory failure reversed by diuretics administration; and (8) chronic respiratory failure, defined as the need for continuous oxygen therapy for more than 1 month after discharge.
Other considered complications were cardiac (cardiac rhythm problems, angina, myocardial infarction, cardiogenic shock), surgical (hemothorax, bronchial fistula, empyema, chylothorax, cardiac dislocation) and others. 
Statistical analysis
The clinical course of patients fitting the definition of postoperative exacerbation of COPD was analysed. In order to evaluate the impact of exacerbation on respiratory morbidity, postoperative data was analysed by dividing it into four groups categorised by a progressively worsening outcome: patients without exacerbation and without respiratory complications (RC), patients with exacerbation but without RC, patients without exacerbation but with RC, patients with exacerbation and RC. Comparison between groups was performed using Fisher's exact text.
Postoperative exacerbation was considered as an outcome variable in a logistic regression model, using the following covariates (risk factors): referring centre, age, sex, smoking status, preoperative ASA score, induction chemotherapy and/or radiotherapy, FEV1%, postoperative analgesia, type of thoracotomy, antibiotic administration (short-term prophylaxis vs 5-day amoxicillin), duration and type of operation. The odds ratio and the corresponding 95% CIs were reported for covariates which were considered clinically relevant or statistically significant at the 0.05 significance level (Wald chi-square test). These were then successively included in the final multivariate model. 
Results
Patients' characteristics are listed in Table 3 . Overall mortality was 3.7% (32 deaths), 1.5% after lobectomy (12/ 752), 8.6% after pneumonectomy (15/187) and 6.1% after sublobar resection (5/81), due to poor pulmonary function conditioning the choice of suboptimal lung resection (eight of them underwent sublobar resection for the treatment of lung cancer and concomitant severe emphysema). Mean postoperative stay was 7.9 AE 5.1 days. The respiratory complication rate was 23.4% (n = 236). No difference was detected in terms of the mortality and morbidity rate between centres, apart from a significant reduction in the postoperative pneumonia rate in the centres adopting standard antibiotic therapy (11.8%) as compared to the other three centres adopting short-term prophylaxis (18.2%, p 0.01).
Incidence and outcome of COPD exacerbation
Postoperative exacerbation of COPD was recorded in 276 patients, 266 occurring within the first 72 postoperative hours. The most frequent clinical signs were worsening dyspnea, purulent secretions and wheezing. Radiological and laboratory findings did not show any specific pattern for exacerbation. Overall mortality and respiratory complication rates were increased in exacerbated patients (5.4% and 55%) as compared to patients who had no exacerbation (2.3% and 11.5%, respectively, p = 0.01 for both comparisons).
One hundred and twenty-four exacerbated patients had an otherwise uneventful hospital stay. Nevertheless, their hospitalisation was longer as compared to patients without exacerbation (6.3 AE 1.3 vs 8.3 AE 1.1, p = 0.001).
One hundred and fifty-two exacerbated patients developed one or more respiratory complication within 48 h after diagnosis of exacerbation. Comparing them to the 84 patients who developed respiratory complications without previous exacerbation, the study found that they had a similar hospital stay (12.6 AE 7.1 vs 13.6 AE 7.7 respectively, p = 0.20), and a similar mortality rate (9.8% vs 10.7%) but required a longer ICU stay (8.4 AE 2 vs 3.2 AE 2.2, p = 0.02).
The type of respiratory complications differed between exacerbated and non-exacerbated patients. In the first group, multiple respiratory complications were found in 52 cases (34.2%, as compared to 4.7% in non-exacerbated patients), the most frequent pattern being single or multiple atelectasis preceding pneumonia. Moreover, in exacerbated patients, acute respiratory failure without apparent cause occurred in 15 cases (9.8%)%, while it was exceptional in non-exacerbated patients (one case, 1.1%).
The median FLAM score values recorded during the first postoperative week are shown in Table 3 . Patients with no complications had the highest value on POD1 with the FLAM score progressively decreasing. In patients with complications, the score progressively increased during the first 72 h, maintaining higher values in those who had postoperative exacerbation before the onset of complications (Fig. 1). 
Risk factors
Univariate analysis identified sex, COPD class and duration of surgery as risk factors for the occurrence of postoperative COPD exacerbation. Additionally, there was a trend towards significance for the protective role of prolonged amoxicillin administration. All these factors were tested in the multivariate model. Sex (female OR 0.54, CI 0.2-0.8), COPD class (OR 1.5, CI 1.1-8.1), and the use of amoxicillin (OR 0.6, CI 0.2-0.9) were confirmed as independent risk factors for postoperative exacerbation.
Our analysis has demonstrated that the three most significant risk factors for the occurrence of respiratory complications are exacerbation, sex and FEV1, exacerbation being the strongest predictor (OR 5.5, CI 3.5-8.5; female sex OR 1.77 CI 1.1-3.1; FEV1 > 80% 0.43 0.26-0.7). Fig. 1 . In uneventful patients (group A), the FLAM score peak was recorded on POD1 and then progressively decreased. Patients who developed respiratory complications after exacerbation (group B) had higher values as compared to those who had complications without preexisting exacerbation (group C). Median FLAM value differences between group B and C were statistically significant ( p < 0.05) on POD 5, 6 and 7.
Discussion
The idea for this study arose in 2002, when the American College of Chest Physicians (ACCP) published a leaflet on guidelines in the management of acute exacerbation of COPD, developed in association with the American College of Physicians and the American Society of Internal Medicine (ACP-ASIM) [11] .
On examination of the definitions of acute exacerbation, it was evident that many patients undergoing lung surgery fit into these definitions during the postoperative period. In order to confirm this however, two elements were lacking: an effective tool to diagnose exacerbation and a large population on which to test this hypothesis. The first step was to develop a score (the FLAM score) able to monitor the parameters representing the main criteria of COPD exacerbation (dyspnea, quality and amount of bronchial) on a daily basis. The second problem was solved by the use of a multicentric enrolment programme, which permitted the recruitment of more than 1000 patients over a 2-year period.
Results from this study have shown that 50% of lung cancer patients undergoing surgery are COPD patients, and that more than 50% of them develop postoperative acute exacerbation of COPD. The overall impact on outcome was evident, as mortality exceeded 5% in exacerbated patients, as compared to 2% in patients without exacerbation. This increased mortality is not only due to exacerbation but also to the detrimental effect of exacerbation on respiratory complications, which are the principle determining factors of postoperative mortality. From a theoretical point of view, postoperative exacerbation may represent the physiopathological link between a low preoperative FEV1 and postoperative risk. Multivariate analysis provides statistical documentation of this speculation, confirming exacerbation as the strongest predictor of respiratory complications.
COPD exacerbation also had an impact on patients who did not develop respiratory complications, as it increased hospital stay by 48 h. Given this data, it can be debated that exacerbation be considered as a distinct complication, requiring additional hospitalisation and specific treatments.
A theoretical advantage of diagnosing exacerbation early in the postoperative period could be achieved by utilising the pre-existing treatment guidelines [12] , after adaptation to the postoperative setting. This could significantly reduce respiratory morbidity and mortality. The key points of treatment are steroids, antibiotics and non-invasive ventilation. In the case of severe or moderate exacerbation, GOLD guidelines suggest the use of 2-week prednisolone administration (40 mg). The safety of such a regimen after lung resection has not been clearly established. However, postoperative use of steroids represents common practice after lung transplantation. The use of antibiotics, which is advocated by the GOLD guidelines in the case of severe exacerbation, is controversial, given that the positive effect of short-term prophylaxis has been extensively demonstrated on surgical-site infections only. Nevertheless, the use of 5-day amoxicillin-clavulanate treatment has resulted as a protective factor and was associated with fewer episodes of pneumonia. A possible explanation is that selective decontamination of the airways is obtained in these patients, reducing the risk of bacteria triggering exacerbation [13] .
Even more interesting, is the use of non-invasive positive pressure ventilation (NPPV), suggested in the case of moderate and severe COPD exacerbation. Its use may be beneficial to the outcome of patients who have developed respiratory failure due to exacerbation, as it has already been reported that NPPV decreases the incidence of endotracheal intubation as well as other severe complications resulting from elective major abdominal surgery [14] .
The main limitation of the study is the definition of postoperative exacerbation, which is an arbitrary definition obtained from a clinical score. This problem is common to the vast majority of studies dealing with COPD exacerbation, as 'many definitions exist, many authors use substantially different criteria, and many studies describe their inclusion criteria poorly' [12] . Moreover, some minor criteria are not applicable after surgery, such as the increase in the heart or respiratory rate by 20% above baseline, which is the rule after lung resection. Continued research will be required to obtain a more specific and acceptable definition, while maintaining simplicity, to guarantee its practical application in daily use.
Nevertheless, results from this study have shown that postoperative exacerbation of COPD is a frequent and existing clinical entity following lung resection and that, when present, is likely to cause pulmonary complications. Existing guidelines for the treatment of acute exacerbation should be adapted for the management of patients after lung resection, in order to test the hypothesis that early treatment of exacerbation could reduce respiratory morbidity and, possibly, mortality.
